Reservoir-triggered seismic activity depends not only on the technical characteristics of the future reservoir (filling volume, the height of water column) but also on the seismo-tectonics and the natural seismic processes occurring in the area before construction of an artificial reservoir. Passive seismic monitoring was realised near Lai Chau (Vietnam) before the impoundment started. It allowed exploration of the natural seismicity in the area of the future dam. Locations of seismic events several months prior to the reservoir impoundment were observed with ten stations installed in the reservoir vicinity. Events were mainly located near the dam along the Da river headwaters fault. However, only four stations were available for the entire period before the impoundment. Despite the network limitations, completeness of seismic catalogue and b value were determined and may be used as a baseline for analysis of the seismicity in this area after impoundment. The magnitude completeness level is significantly smaller than in the broader seismogenic zones covering an area of the dam. The b value differs from the results obtained for regional seismicity of Northeastern Vietnam. The capability of the local network for moment tensor inversion was estimated with the use of synthetic data tests. Test results provided the requirements for the station number according to azimuthal coverage of the network to obtain the reliable full moment tensor (MT) solution. Preliminary analysis of the seismic activity after Lai Chau reservoir impoundment indicates some changes in activity related to the impoundment and reservoir exploitation.
in Vietnam. The impoundment of surface reservoirs has triggered the anthropogenic seismic events causing significant material loss, injuries and fatalities. The strongest earthquake ever, triggered by water impoundment, was the damaging 6.3 magnitude event near the Koyna Dam, India, in December 1967 (Gupta 2002) . The role of reservoir exploitation in triggering of tragic 7.9 magnitude earthquake in China 2008 is still a matter of debate (Ge et al. 2009; Gahalaut and Gahalaut 2010) . In Vietnam, the strongest case of a reservoir-triggered seismic event of magnitude 4.9 occurred in the Hoa Binh Province, Northern Vietnam, in 1989 (Tung 1996) . However, reservoir-triggered seismicity (RTS) was also observed in Central Vietnam (e.g. Wiszniowski et al. 2015; Lizurek et al. 2017) . Apart from some exceptions, where a seismic station existed, or the project managers had the foresight to install seismographs before filling reservoirs, welldocumented variations of the regional seismicity due to the impoundment of reservoirs are rare. Seismic stations were commissioned only in the case once seismic activity started subsequently to the impoundment (Gupta 1992) . The dam in the Lai Chau region gives a unique chance to carry out seismic measurements due to the moderate natural seismicity in the area (e.g. Pailopee and Choowong 2014; Lu et al. 2017) . It also gives a possibility of observing the anthropogenic seismicity in the region. One regional station and a local network of four stations had been installed in the area before the impoundment started. Then, another few stations were installed, which currently form the network of ten stations in the vicinity of the dam with two broadband supporting stations in the close distance. The detailed local seismicity monitoring has been available since October 2014. The Lai Chau reservoir impoundment started in June 2015. Thus, it allowed thorough monitoring of the reservoir vicinity for at least several months before reservoir-triggered seismic activity started. Within this work, we focused on the background seismicity of the Lai Chau area and the capabilities of the local network for moment tensor (MT) inversion. The completeness magnitude and b value of the background seismicity were determined before the reservoir impoundment. The seismic network was described and the capability of the MT inversion was tested. The test provided the requirements for the station number, according to azimuthal coverage of the network to obtain the reliable full MT solution. Preliminary analysis shows a decrease of the seismic activity and b value directly after the impoundment of the reservoir, until October 2016. Then activity and b value increased and reached the highest values since the beginning of the observations. It may indicate the influence of the reservoir on the seismicity on active faults.
Seismic network in Lai Chau area
The area of Lai Chau dam was planned to be monitored by the local network of at least ten seismic stations. The network has been developed gradually, due to nonsubstantial reasons, which made the planned, simultaneous installation of all stations impossible. In the beginning, the seismicity of Lai Chau region was monitored by Vietnamese National Stations Network. There were seven stations in North Vietnam, with Điện Biên (DBVB) station 80 km from the Lai Chau region. The station in the Sa Pa (SPV), which has been operating since 1957, was located 90 km from the region, both too far to be included in Fig. 1 . Only the station in the Mường Lay (MLAV) was located in the Lai Chau region, 16 km from the dam (Fig.  1) . The IGP VAST set up a number of local stations dedicated to monitoring the area of Lai Chau reservoir. Three stations in NậmNhùn (NNU), Chà Cang (CCA) and MườngTè (MTE) were installed in September 2014 and one station Nậm Na 3 (NNU3)-at the beginning of filling in the reservoir in June 2015. Next stations in Chăn Nưa (CNUD), Pú Đao (PUDD), Kan Hồ (KHOD) and Hua Bum (HUBD) were launched by the IG PAS in July 2016, after the reservoir had been filled up. The last station in Mường Mô (MMOD) was activated in June 2017. Locations and parameters of stations are presented in Table 1 and Fig. 1 .
The responses of recording systems are presented in the electronic supplement. Very broadband ( Fig. ES1a) , broadband ( Fig. ES1b and Fig. ES1c ) and short period ( Fig. ES1d ) sensors were used. All stations have a sampling rate of 100 samples per second. Positions of stations are determined by the location of the previous seismic events and by a desire of providing good horizontal coverage for events around the dam. It should help in more accurate estimation of the moment tensor of reservoir-triggered events. However, the location of the station was strongly limited by logistic possibilitiespoor urbanisation and a small number of roads in this area. Additionally, stations had to be located in residential areas for security reasons. Therefore, the western part of the reservoir is poorly covered with stations ( Fig. 1) . The detailed location of stations was preceded by groundpenetrating radar (GPR) measurements (Giang et al. 2010) in order to find the foundation of stations on the uncracked bedrock. It allowed reducing both natural and human noise and improving detection of seismic events. Seismic noises of stations in the Lai Chau region are presented in Fig. 2 . It should be noticed that not all stations worked all the time. Differences in noise between day and night as well as between dry and wet seasons have not been noticed.
Tectonic activity and background seismicity
The studied region located near Mường Tè belongs to SouthEast Asia, where North Vietnam's westernmost continental block is called Sibumasu or Shan-Thai. The Southern Chinese continent block is located to the northeast, whereas the continental block Indochina is located to the southeast, and the boundary of the two continental blocks is the strike-slip Red River zone and Lai Chau-Điện Biên fault zone. These two large-scale fracture zones are active, resulting in the shift of important structural blocks adjacent to their borders (Aihara et al. 2007; Brookfield 1996; Bach and Tam 2008; Hoa et al. 2008; Tong et al. 2013; Yang et al. 1995; Sato et al. 2007 ). Main fault zones connected with seismic activity are Da river headwaters fault, Mường Tè fault, Nam Nho-Nam Cuoi fault and Lai Chau -Điện Biên fault (Fig. 3 ). The strongest earthquakes (M > 5) were located As mentioned above, the northern part of Vietnam is characterized by moderate regional seismic activity with the strongest events up to M5.6. We define here background seismicity (BS) as the tectonic seismicity recorded before the reservoir filling have started that is located in the vicinity of the planned reservoir. Therefore, the BS is not all regional seismicity observed up to several tens of kilometres away from the reservoir. Within 8 months before the impoundment of the reservoir, which started in June 2015, 184 events were detected by the network of four stations: CCA, MLAV, MTE and NNU. As the local Fig. 3 Map of geological structure and tectonic characteristics for the Lai Chau region network was not fully operational at that time, many weak events were recorded only by one station and could not be located. The local magnitude calculations were based on Richter's (1936) magnitudes obtained from S-waves of the Wood-Anderson seismometer simulations, with the original Richter's (1958) distance correction term.
The location of the events was calculated with onedimensional P-wave and S-wave velocity model of the northern part of the North West Region of Vietnam (Fig.  4 ) developed by Son et al. (2012) . The LocSat algorithm was used for seismic events location (Bratt and Bache 1988) . Origin time, epicentre location and depth were estimated from an iterative least-squares inversion of travel time of phases Pg and Sg, which were picked manually. The travel-time tables were calculated from the onedimensional velocity model ( Fig. 4 ). Most of the located events have residuals less than 0.1 s. Only events located outside the network have high residual values that is most likely caused by inaccurate 1D local velocity model in comparison with real 3D velocity field on the regional scale.
From October 2014 to June 2015, among 184 events detected, only 97 were strong enough to be located. They were located mainly along the Da river headwaters fault and the Lai Chau-Dien Bien fault ( Fig. 5 ), but most of the events were located in the vicinity of the dam.
The completeness of catalogues has been estimated based on 97 events having magnitude M L ═ 0.3÷3.1, that were situated in the Lai Chau area. The unbounded Gutenberg-Richter (G-R) model of the frequencymagnitude distribution (FMD) was assumed (Fig. 6 ). The completeness magnitude (M c ) of the background seismicity was estimated using a few catalogue-based methods (Leptokaropoulos et al. 2013 ). The first one was the maximum curvature method (Wyss et al. 1999; Wiemer and Wyss 2000) and goodness-of-fit (GFT) test methods (Wiemer and Wyss 2000) , where the minimum magnitude M i is fitted for events with M ≥ M i by the application of maximum-likelihood estimation. It allows for perfect fitting of the synthetic data with the power law of the distribution of magnitudes. The difference between the cumulative number of observed events N 0 and simulated events N S in each magnitude bin is then computed and mapped according to the following formula:
where M max is the maximum magnitude in the catalogue. If the dataset above a specific magnitude M i is incomplete, the value of D will be high. A model is then found for a D value, at which a predefined percentage-usually 90% ( Table 2 No. 2) or 95% (Table 2 No. 3) of the observed data is covered. Leptokaropoulos et al. (2013) modified the goodness-of-fit test. In their method (Table 2 No. 4), synthetic datasets of N i events, where N i is the cumulative number of events with M ≥ M i , are created by distributing random numbers according to the respective G-R law (Zechar 2010 ). The process is repeated k times and k synthetic catalogues are created. The k was chosen to 500. Starting from the minimum magnitude M i = 0.3, parameters a and b of the G-R law are computed following maximum-likelihood estimation for all 
where N is the number of samples (Fig. 7) . The difference between each of these synthetic and observed datasets is calculated following Eq. (1). Then, the whole procedure is repeated for M i + 1 .
The results of the above four procedures are similar (Table 2) , whereas b values and b errors for M i in range 0.7÷0.9 are presented in Table 3 . Focal mechanism and MT are crucial parameters in the interpretation of anthropogenic seismicity. They allow tracking the main discontinuities and stress orientation in the area of anthropogenic seismicity. If full MT is reliably obtained, it may help in the distinction between triggered or induced seismic process ).
The possibility of the dense station locations in the Lai Chau area was limited resulting in poor azimuthal coverage on the western part of the lake. However, in such case, moment tensor may be calculated using inversion of the P-wave amplitudes and polarities in the time domain using focimt software (Wiejacz 1992; Kwiatek and Martinez-Garzon 2016) . The recorded displacement for the P-wave phase is:
where ρ is the average medium density, r is the sourcereceiver distance, α is the average velocity of the P-wave, M is the seismic moment tensor, l is the P-wave direction at the receiver and γ is the P-wave direction at the source according to Fitch et al. (1980 ), De Natale et al. (1987 and Aki and Richards (2002) . The measured amplitude and polarity of first P-wave onset, P-wave velocity, take-off angle and incidence angle derived from local 1D velocity model hypocentral distance as source-receiver distance are used as input values for inversion. Incidence and take-off angles are calculated with focimt software following 1D velocity model ray-tracing routines from hypoDD v1.3 package (Waldhauser 2001) . Moment tensor is obtained by solving a set of N equations of type (3), where N is the number of stations that recorded the event. Six independent components of moment tensor require a minimum of six equations, but the more the better. In the case of Lai Chau network, up to 12 stations could be available, but only ten of them are reasonably close to the lake, so they could be useful in case of weak M < 2 events related to the reservoir exploitation. The system of Eq. (3) is overdetermined and solved for using a least-squares approach (L2 norm) with the cost function being the sum of squares of residuals. When the condition of the zero trace is imposed on the solution, the deviatoric moment tensor may be determined excluding mechanism with a volumetric change in the source. When the conditions of the zero trace and zero determinant are set, the solution is limited to the doublecouple source. The full moment solution can also be decomposed into the isotropic (ISO), compensated linear vector dipole (CLVD) and double-couple (DC) parts of the mechanism following the default decomposition scheme of Knopoff and Randall (1970) , with percentage of decomposed tensor elements calculated by either Knopoff and Randall (1970) or Vavryčuk (2001 Vavryčuk ( , 2015 . This decomposition usually shows the complexity of the source process and is used to check the quality of the solution (Wiejacz 1992) . Uncertainties of the estimated moment tensors can be assessed by the normalised root-meansquare (RMS) error between theoretical and measured amplitudes (Stierle et al. 2014a, b) :
The synthetic tests of the network capabilities in MT inversion, calculated using the above-described method, are useful in the context of planning further analysis of the seismicity. The tests are developed assuming the locations of seismic events are similar to those already observed: one type in the middle of the network, close to the artificial lake and another at the edge of the network. In both cases, normal faulting with an orientation similar to main discontinuity located in the dam area (143°/82°/− 88°) and pure shearing in point source were assumed for generating input data (amplitudes and polarities of the P-wave displacements). Synthetic amplitudes and polarities were generated for a priori known fault orientations. The mechanism for the synthetic data was assumed as pure shearing (99.99% of the DC full MT component). The synthetic input data were: amplitude and polarities of P-wave displacement. They were simulated following the proper focal sphere quadrants to the configuration and by the P and T axes orientations of the assumed fault. Bootstrap amplitude resampling tests of noise was prepared to check, to what extent possible noise can influence the MT inversion results. Then take-off angle uncertainty test was aimed at checking how the velocity model uncertainties influence the solutions. Finally, the third test was run to verify azimuthal gap influences, simulated by the removal of a single station from the input data. The number of bootstrap samples was set at 100. All the synthetic input data and further analyses were carried out with the use of focimt software (Kwiatek and Martinez-Garzon 2016) , based on P-wave polarity and amplitude displacement in MT inversion. The RMS error of all MT solutions for these synthetics was smaller than 0.01. Due to the sparse network before the filling up of the reservoir and 1D velocity model available, the depth of the events is not well resolved. Therefore, the test was carried out for three different depth levels in all cases. Moreover, take-off angle variability up to 15°was also verified in every case due to the expected uncertainties of the 1D velocity model. Input amplitudes were perturbed with noise up to 20% of the initial first pulse Pwave displacement amplitude. For two locations (in the centre and at the edge of the network) and three depth levels, bootstrap amplitude resampling tests of noise and take-off angle uncertainty influence were conducted. Results of the noise impact on MT inversion for Lai Chau network are shown in Fig. 8 . Relatively small noise contamination did not affect much the stability of nodal plane solutions. However, it is worth pointing out that the 6-km depth solutions are less stable than the 2-km and 10-km depth solutions, due to the location of the boundary of the velocity model around this depth. It applies for both location cases. Therefore, we can conclude that the focal sphere coverage is not critically sensitive when a nodal plane solution of full MT is taken into account. The error of the solutions was measured as RMS following Stierle et al. (2014a, b) . The biggest RMS error in all cases was around 0.2, with mean values of less than 0.1 (Fig. 8) . Noise influence is mainly noticeable in spurious non-DC components of the full MT solution showed in Hudson plots (Fig.  8) , and the focal coverage also plays a role in the relative increase of the non-DC components. The worse focal coverage produces substantial non-DC components with larger spread around the pure DC central point in Hudson plot. The depth of the origin does not influence much the quality of solutions, but the solutions obtained for the 10-km depth were the closest to the pure DC solution in terms of MT decomposition.
The take-off angle bootstrap test results (Fig. 9 ) show that the focal coverage may play an important role in MT inversion. All solutions obtained for good focal coverage-the case when the event is located in the centre of the network-are much more stable in terms of nodal plane solutions and full MT decomposition. Moreover, RMS values are smaller for good focal coverage in all tested depths, than in case of worse focal coverage for events located close to the network edge. In the latter case, the influence of the take-off angles variability has a similar effect on the MT decomposition as the 20% noise contamination (Figs. 8  and 9 , right panels). On the other hand, non-DC components values in good focal coverage case are usually smaller than those obtained for noise contamination synthetic data, while RMS error has similar values. All the above-described tests were conducted for ten closest stations. However, the software requires at least eight stations, and it is highly probable that not every station will be available all the time after the impoundment. Therefore, a bootstrap test removing randomly one or two stations was carried out to obtain the minimum required number of stations for full MT inversion with up to 20% noise contamination (Fig. 10) . Resampling was performed 100 times. The number of outlying solutions with high non-DC components and nodal planes significantly different than the assumed focal mechanism was relatively small for both focal coverages and all tested depths. However, the good focal coverage solutions were less sensitive on station removal than the seismic station setup for the event from the edge of the network. In the latter case, MT results were characterised with more significant spurious non-DC components and a wider range of the nodal plane solutions-up to 20°of strike orientation in 95% of the obtained results. At the same time, up to 10°range was observed in a good focal coverage case. In both focal coverage cases, particular solutions were utterly different than the assumed one-both in faulting regime (thrust or strike-slip instead of normal) and nodal plane orientations (Fig. 10) . Stations with the biggest influence on the proper reconstruction of the nodal planes were MLAV and PUDD being the Fig. 8 Results of the noise influence on MT inversion for Lai Chau network for two epicentre and three depth locations. On the left side-good focal sphere coverage (event location in the middle of the network), on the right side-poor focal coverage (event location near the border of the network). Noise contamination of the input data up to 20%. Hudson plot shows the deviation from the pure DC solution of full MT assumed in preparing synthetic data. Points further away from the centre denote the more significant non-DC components. Bigger nodal plane deviation and spread from pure DC solution on Hudson plot are observed for poor focal coverage closest to the source in case of the poor focal coverage and NNU and CCA in case of the good focal coverage. If one or both of these stations were removed, the nodal plane was not correctly resolved. Therefore, in future works, it should be avoided to perform MT inversion when both stations are not available. Station removal test is also recommended for checking the stability of MT inversion in every case when one of these stations is not available for inversion.
Discussion and conclusions
Background seismicity before the impoundment of Lai Chau was monitored for several months. The observed events are smaller than reported tectonic events for Da river headwaters fault zone, which is the closest active fault zone to the dam site. The reported size of the biggest events for that zone is around M4.6. They were located mainly in close vicinity of Lai Chau dam, but a small number of the events were in the area of Lai Chau-Dien Bien fault zone. The latter were situated between the Nam Nho-Nam Cuoi and MoungTe fault zones, to SW and NW from the dam, respectively (Fig.  5 ). It indicates that these discontinuities should be considered as the main source of the background seismicity in the Lai Chau reservoir area. Completeness magnitude was estimated at M0.7, while the maximum observed magnitude was M3.1. Average activity of the seismicity was about 0.3 events per day and it varied during the observation period (October 2014-June 2015) from almost 0.4 to 0.23 events per day. The b value of G-R distribution of the magnitude was also estimated with the average value of 0.8. The b value in tectonic seismicity may differ within a relatively small area due to different stress regimes (Schorlemmer et al. 2005) or pore pressure influence (Bachmann et al. 2012 ). In the case of Lai Chau region, b value is smaller than the average b value observed for tectonic seismicity on the whole Earth, which is around 1 ± 0.03. However, a wide range of b values from 0.3 to 2.5 for different tectonic settings is reported in the literature (e.g. El-Isa et al. 2014 and reference therein). As shown by Pailopee and Choowong (2014) in the area of Southeast Asia, several seismic zones can be distinguished with b value ranging from 0.7 to 1. In studied area, b value before the impoundment is within the reported range for this region, but lower than the average. The seismic activity in Lai Chau differs significantly from seismic activities in zones investigated by Pailopee and Choowong (2014) . More similar b values were obtained for smaller zones including Lai Chau (e.g. Lu et al. 2017) or bordering the region of the Lai Chau dam (e.g. Cao et al. 2019) . All these estimates were obtained with catalogues covering large magnitudes, usually M c = 4.
Seismic data after impoundment in June 2015 are available until May 2017 with 316 events with magnitude 0.1 ≤ M ≤ 4.6 and location of most of the events at shallow depths between 3 and 6 km, which is similar to the state before the impoundment. The spatial distribution of the events is similar (except from the larger number of events in the period after impoundment, which was more than two times longer) to that observed before the impoundment (Fig.  11) . The completeness magnitude for the catalogue after impoundment is the same as in the previous period and equals M c 0.7. There were 257 events in the catalogue with magnitudes above the completeness magnitude. There was a decrease of both the seismic activity and the b value after the impoundment until October 2016. Then the activity and b value increased and reached the highest values since the beginning of the observations. If changes of the activity and b value are related to the impoundment, it suggests delayed response of reservoir-triggered seismicity with an increase of seismicity observed more than 1 year after impoundment. Average b value calculated together for both periods before Fig. 9 The take-off angle bootstrap test results of MT inversion for Lai Chau network. Take-off angle variability was set up to 15°. On the left side-good focal sphere coverage, on the right-poor focal coverage. Hudson plot shows the deviation from the pure DC solution of full MT assumed in preparing synthetic data-points further away from the centre denote the more significant non-DC components. Take-off angle uncertainty influence is bigger in case of poor focal coverage on both fault plane solution and full MT components. Nodal planes deviate on the much broader range in case of the event located near the border of the network (beach balls on the right panel). Hudson plot shows the bigger deviation from the pure DC solution of full MT in the same case (right panel) and after impoundment is around 0.5, which is much smaller than reported by Pailopee and Choowong (2014) for seismic zones of Southeast Asia. Spatial location of the events in close vicinity to the main faults in the study area ( Fig. 11 ) may indicate their triggering on active faults, which is well-known phenomena in other seismicity triggered reservoirs situated in tectonically active areas like Italy (e.g. Braun et al. 2018; Valoroso et al. 2009 ). In contrary to these cases, there is no clear correlation of the water level changes and increase in the activity (Valoroso et al. 2009) or the occurrence of the largest events that fits changes in water level (Braun et al. 2018) . Therefore, the triggering effect of the reservoir impoundment cannot be confirmed upon the above findings. However, we expect that the triggering effect is possible to be detected when more data are available for further processing.
In general, seismic activity in the region of the Lai Chau dam differs from average seismic activity in larger zones including the dam area (e.g. Pailopee and Choowong 2014; Lu et al. 2017; Cao et al. 2019 ). Parameters of b value and completeness magnitude obtained in our work seem to be better suited for testing the variability of seismicity caused by filling the reservoir than those discussed above, due to the lower magnitude completeness and a smaller area of the observation. Seismic activity in the region of the Lai Chau dam is low and the magnitudes were small during the observation period (the strongest event was M L = 4.6). Low b value means that more big events in comparison to the small ones were observed within available magnitude range. Such low b values may be apparent due to the small number of the events or narrow range and type of magnitudes taken into calculations, and the following uncertainty of completeness magnitude estimation (Deichmann 2017 (Deichmann , 2018 Leptokaropoulos et al. 2018 ).
However, completeness magnitudes (Table 2) , corresponding b values obtained for Lai Chau area and small b value uncertainties (Table 3) prove that the completeness magnitude is low enough for the proper statistical investigations of the distribution and further examination of possible temporal changes of activity connected with reservoir exploitation.
The network capabilities for detecting and location of the events allow for further analysis after impoundment. Synthetic test results of the P-wave amplitude and polarity MT inversion show that focal mechanism and MT solution of the biggest events should be reliable when some minimum requirements of the quality of the recordings, focal coverage and station number are fulfilled. These requirements are the following: a relatively small noise (about 20% of the signal amplitude), the event has to be recorded by at least eight stations, the closest stations should be located several kilometres from the epicentre and the focal coverage with big azimuthal gaps should be avoided. Other techniques allowing to calculate full MT, such as full waveform inversion, are also available. It was proved that the local and regional surface networks may be useful in obtaining full MT with the full waveform inversion in case of shallow induced seismic events (e.g. Rudziński et al. 2016; Cesca et al. 2013) . They can also be robust for non-DC component determination (e.g. Stierle et al. 2014a ). However, the velocity model, network and recording quality requirements are much higher for full waveform inversion (Sen et al. 2013 ). The P-wave amplitude inversion is more reliable than the waveform inversion method of the calculation of the non-DC components in case of sparse, surface networks (Fojtikowa et. al 2010) . Taking this into account, the recordings with small noise could be used even in the case of significant azimuthal gaps for full MT inversion. This may be the case in areas of relatively low seismicity related to reservoir impoundment such as Lai Chau. Noise level and a number of stations available for analysis are the most influencing factors for reliable MT solution in the determination of both nodal plane and MT decomposition in tested setups. Despite the relatively short and limited local seismic monitoring of the Lai Chau reservoir area, the background seismicity and seismic network for Lai Chau reservoir vicinity are established well and form the basis for the further studies of the reservoir impoundment influence on the seismicity in this area. Moreover, the preliminary analysis of the seismic activity after Lai Chau reservoir Fig. 10 Station removal of up to 2 stations for one sample and 20% noise contamination bootstrap test results on MT inversion for Lai Chau network, for the network set up introduced in Fig. 8 . Blue nodal planes denote the normal fault, green denotes strikeslip and red thrust faults, respectively. Station removal for the event located near the borders of the network (right panel) influences the result significantly more than in case of the event located in the middle of the network (left panel) in case of the nodal plane solution and full MT. Hudson plot shows the highest deviation from the pure DC solution of full MT in case of the event located near the border of the network (right panel) Fig. 11 Map view of event distribution before impoundment (left side) and after impoundment until May 2017 (right side). The temporary seismic activity rates [events/day] (b) and temporary b values of the Gutenberg-Richter magnitude distribution (c) versus water level of the Lai Chau dam (a). The seismic activity rates were estimated in 45 days windows shifted by ten days step. The b values were estimated in windows of an equal number of events (50 events). Dots on diagram (c) are located in the middle of the windows. The water level diagram starts with the beginning of the impoundment impoundment indicates some changes in activity related to the impoundment and reservoir exploitation.
